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(54) Computer bus expansion 

(57) An arrangement is provided whereby an expan- 
sion .card can be inserted in a multi-contact computer 
backplane connector and then gates provided between 
'bus lines and respective connector contacts can be en- 
abled. Hot insertability of the card and improved fault 
protection results. A plurality of gate signals for respec- 
tive connectors can be provided so that a bus controller 
can selectively supply a gate signal for enabling trans- 
mission gates of only one connector for a given bus cy- 



cle, thereby providing dynamic cycle switching of the 
cards. The transmission gates can be provided in a 
backplane connector for a card. Preferably, a power 
supply signal is supplied to a switch gate connected be- 
tween a power line and a power contact of the connector 
when a card has been inserted in a connector such that 
power is only supplied to the card only after insertion. A 
bus request signal can be enabled after a predeter- 
mined delay following the supply of power to the card. 
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Description : - ■ "•* «. ' 

This invention reiates'to managing an expandable 
computer bus architecture/ ' v ' -' 

Open system architectures are 'we'll known in com- 
puter systems. Open computer system architectures ■ 
are based on the provision ol ; a "computer bus which ca'rY 
be expanded by means of expansion cards. In order to * 
provide for computer bus expansion, on a typical back- 
plane, or motherboard, a computer bus will be 'provided 
with a numbjer of sockets into which i Expansion cards "' 
can be inserted. There are a number 'of different stand- 
ards for. computer bus expansions. 5he" conventional ] 
standard js the \PCI (Pehpheral ^bmp^oneht Interface)^ 
architecture.. The pfcl architect a bus 48 be' 

expanded by the insertion of carcls, but the standard PCf 
architecture is less than ideal f or a highly reliable System 
for a number of reasons. Firstly, PC\ cards are hot hot 1 
replaceable," meaning tr]at^Ke pards canno^be inserted 
when the. system is actually 'running. Accordingly, W 1 is 
necessary to turn off the main computer system in 'order 
to carry out maintenance and insert new cards': Also, 'it 
is difficult to tell exactly "'which card mighf be gener^tiWg"* ' 
a fault which can be identified oVth v 
this increases.maihtepance and ' repairs costs whefea v 
fault develops. A further difficulty of PCI ca'rds isthe lim^ 
itation placed on the size of "the system wTiicrVcan be 
produced due to the bus trace length limit for signal;! 
propagation. This' is a particular probferrT if easy ! rnain- ! 
tenance js to be enabled 
systems* may demand a cbnTiguratjpn^orbus paths^ 
which results in particularly long signal pdtHs^THii limits { ' 
the physical size of t^e system/which can ^ be'm^nufac-; 
tured due to transmission line factors; v u . :?> 9 '* :1 ' 
It is an aim . of th e p r f es ent invent ion to address; ! if ^ 
least some of the above identified problems of convert-' v ' 
tional bus systems^ . ' ' J ' '■""" "'" :tx 

In accordance with 1 one; aspect, ptf the inyentlbn, 
there is .provided a backplane (or a computer s^s\§m 1 ^;.■ 
the backplane haying at least one mulfi^bntacVconnec^ 1 
tor for expansion .cards, at least one bus line W iconriec- * 
tion to a. predetermm^ - 
gate connecting the bus line to a pjedetermihed cpntacC ; 
and a gate, signal line, for supplying 3 ^ ga'te~ signal to thb '* 
gate. 6 ' ' '" '' ' '" ; :V ; V "' r: 

The prpvision.of a gate between the bus fine a'ncT 
the connector contact enables cbritrpl of the irijpuVout^ 
to a card ins.ertecTor to be inserted in the conn ectbr: ' 1 ' : " 

Thus, the cpntact pan be enabled selective ly, f or e:*- 
ample coptinubusiy frqm;some predeiermihed time or ; ' 
for a particular bus cycle. This conlrol provides a'bakis 1 ' 
for enabling hot insertion and remoyaLqf a card for a_. 
running systenn, in that the appropriate; con tacts, can. be' 
disabled, preventing bus errors, and'card malf unctions^' 
Also, where a PCI bus controller pp. trje backplane jstb"! 
be provided, standard cold- ins ertabV PC I caajs can b'e ' ,c 
used. 

Preferably, a respective gate signal line is provided 
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for each of a plurality of connectors*, whereby selective 
control of the gates for respective connectors can be 
provided. This further enables dynamic cycle switching 
' of the cards to be achieved.' . -''*•* , ■ 

Preferably, the bus comprises at least a plurality of • 
data lines; for connection to respective data contacts of " 
a connector^ a respective transmission gate (preferably 
implemented by a pair of FETs - field effect transistors) 
being provided between each data line and the respec- 
five contact of the connector, thereby enabling 'selective . ' 
gating of ,the data and address signals to arid from a ' 
connected card. ' For a mult Connector system, -a re- 
spective gate signal line can be provided for each of a 
; plurality of connectors,' with the gate signal being sup- 
plied in parallel to each transmission gate of a connec- 
tor. Alternatively, a plurality of gate signal lines can be 
provided I for a connector so that Individual transmission 
gates can be ; fenabled"aT timings selected'for the lines s 
concerned: ; * ' ■ ' - ' ,% '-' ' ' ? '■' ■ " 

Pref erably also, at least one power line is provided 
for connection to a power cohtacfof the conn ectorfsj; a' 
switch gate (preferably implemented by an FET) being 
connected between the power line andWe power con- 
tact of a conhVcfor and a power signal line for supplying 
a power control signal to control I the switch gate. This : 
enables the selective application of power to the card 
following; cbrrect insertion of the card. 
, . Pref erably, also, -at least one bus request line is con - ' 
nected to a bus request contact of a connector and a 
bus request gate 1or selectively passing the bus request- 
signal f rom the bus request connector to the bus request" 
line. Preferably, , tlie bus 'request §ate is operable in use 
to pass'a' J bus request signal bnly after ^predetermined 
delay following power being supplied to a card connect- - 
ed to fhe connector. In'this way, it is possible to allow for J< 
the circuits Of card to settle after application of power to 
the card, avoiding transients and other false signals 
frpm disrupting the operation of a computer system in- 
cbrporatirig the backplane. 

The' gate signaMine can be implemented using a 
strobe Ime bomrhoh to "each connector,' the strobe line 
being'a6tive,iri use, as trWgate line when a radial ad- 
dress signal 6ri a radial address signal line for the con- ^ 
nector is active.' . <■ :. \ 

In accordance "with Another aspect of ihe invention, ' :; 
there is provided a multi-contact connector for the con- 
nectioh of an expansion card to a computer backplane, 
the cdnn'ector comprising 1 a* gate electrically don'nected - ' 
in-line between a cbnnector pin for connection to a'iine* ' : 
on a backplane and ^ contact for connection to ; a'cdrfe- * * 
spondih'g'contact on an inserted expansion bard/a gate 
signal input of the gate' being electrically connected to 
a connector piin for conhecfiori' to a gaid signal line? ' * * 

Preferably, a plurality of transmission gates (each 
preferabiy/implemehted" a'pair of FETs)*are provided; 
each electrically connected inline between 'a' respective ' 
connector pin for 'conriectibn J to > a line on 'a backplane ' 
and a respective contact for connection to a correspond- 



2 



3 



EP 0 849 684 A2 



4 



ing contact on an inserted expansion card. Respective cards, whereby the bus controller can determine in ad- 
gate signal inputs for each of transmission gates are ^ . vance the source of a response to any bus cycle before 
electrically connected to a common connector pin .for,. t . the bus cycle commences. 

connection to a gate signal line. . . / Where the, bus. is a RCI^ bus K the provision of geo- 

Preferabty, the connector also .comprises aswitch .' s . graphic addressing "enables conventional PCI cards to 

gate (preferably implemented by an FET) electrically c be used with t the significant aoVantage that isolation of 

connected in-line. between a connector pin for connec- . faults in a particular RQI.cacd'isJaQilitated. Indeed, in" 

tion to a power line on a backplane and a, contact for , accordance wijh a further aspect, of the in vent ion .there 

connection to.a corresponding power contact on an. in? , is provided a method of configuring a PCJ bus mecha- 

serted expansion card, a control input of the switch gate ip nism to provide geographic addressing of cards con-" 

being, electricallyconnected to a connector pin for con- % ' r . nected tojhe Jdu4, whereby the bus controller can'cte-' 

nection to a power signal line. . . ... . , . terming in*, a dvance the source of a resppnse to any bus 

In accordance with a further aspect oithe invention,! , p '! cycle before the bus cyple^cornmences. Geographic ad : 
there is provideda computer system comprising.a backj dressingjn ^.PCI .context overcomes the difficulty of pri- 
plane, at least one mutti-contact connector .pn.the.back- is or PCI jmp(e myntatibnsjii. which" the isolation" of faults 
plane for expansion cards, at least one bus line' on the . , / on a PCI bus is\ difficult and time consuming. As the bus 
backplane for.connection to a pcedeterrnined contact of . V controller can. d4jteyn7ine ( ip aoVahce'the source of a re - 
the connector(s), a gate connecting the.bus line to.a pre-. . sponse.to any bus cycle bef oVe the bus'cycle com'me he- 
determined contact, a gate signal line tor supplying a ^ " es, the location of a fab.lty.card|pah^Be rgadjly Identified, 
gate signal to the gate, and a bus controlfer connected s 2 9 In accordance with afurther'aspect of the invention, 
to the^bus line for data transmission and connected to m there is provided a method of connecting an expansion" 
the gate -signal Hne.fonsupplying a .gate slgnai for "tlje . . card to a backplane of a computer system, the method 
gate. -. . ,[ } comprising steps of : inserting an expansion card into a 

P/eferably, a respective gate signal line is v p1rovia , ed i \ } multi^'pntecj "ppnnectjpr „for the v expansfoh. card;* and 

for each of a plurality of connectors, the bus-cpntroMer . ss^ subsequently. eriab l]hg'a w gat'e pr6yide^betwden.;a.bus 

selectively supplying gate signals for^enabling the gates. . [, ' / line and Qcpp riecto/r contact 6y.supplyfrig a gat#s|grial 

Preferably, the bus. comprises at leas} a plurality of ^ ~ on a gatasigna) Hneto tiie gate.'1"he methbd^canlnclu^^ 

data lines for connection. to respective data contacts of . .. ... the hot-insertion of trie card into the multi-contact cbfi- 

a connector, a respectiye transmission gate being pro- ^ nector, vr . t . ,i , 

vided.. between each data line and the corresponding To facilitate f^ult isolation and to 

contact of the connector. In this case, a respective .gate. sipn Ijne^prp^Vems, thVbus 

signal line, is preferably .provided for each' of *a pluraTity', " ^ plies a ; jg^te' signal fo/ enabling the transmission, gatds 1 

of connectors, the bus. controller selectively supplying si. [\' t of only^pne ■ rabnectdKfor a^giyen^bus cycle; \ ' 
gate signalin paralleUo each transmission i gale of .only*. . ... TfieWeljicd^ 

one connector for. a given bus cycle'for enabling the insertion step aridthe' enabling step of: supplying a pow- 

transmissions gates of the connector for the given bus *V ( , ©^supply signal to a power swjtch^^ 

cycle whereby dynamic cycle switching can be provid-,/' * t a powerjine and' a power contact of the cpnnectdr v^en 

ed. } " , . the card' has been inserted' In" the con nectdr, whereby' 

Preferably also, at least one power line is' provided *, po we r js s u pp li ed to th e card on ly^ after insert ion, thereby 
for connection to a power contact of the connejCtor(s);.a .'. 40* provid ing '.dynamic eye le switching, 
switch gate connected between the ppwe'r fine .ana" the " . Trie method can also include a further stefi after tire 
power contact of a connector, a .power ^jgnaLlinejof step of'supplyjhg a pow^'r slghalof: erjabling a bus^re- 
supplying a power control signal to control the switch. ~ quest signal ftp be^pa'ssed from a bus request cont^ 
gate of the connector, wherein the.bus controller sel.ee- ' „_ ' V tne connector orify after a predeVermlried delay following^ 
tively applies a power control signal on the power contfoJ f . * . ^f the supply of power toJtHe^card; These further-steps fa- 
signal Jine when a card has been inserted in* the. cph: L cilitate tfieMhsdrtron of the' card^ when the 5 computer Is 
nector. . J " " * system is live. 

Preferably, also, .at least one bus request jine cph-. * A t method of an embMimeni of the invention ;em- 
nected to a bus request contact qf a connector andjius }; ploys geographic address^ controller to cards 
request.gate for.selectivety passing the bus requestfsig- " ^ connected'td the computer 'systemf whereby the" bus, 
nai from ,the bus, request contact. More preferably, the control lercarif determine in abVance the /source of a 're- 
bus request v gate is operable in use to pass a bus* re- ' \ spbnse to any b/us cycle beWe the bus cycle^ 
quest signaj only after a predetermined delay following "/ es. ' " ..'".'[ . \, \ - \, 
power being supplied to a card connected to the" con;. ,\ Exemplary embobimerits of the "present Invent ion 
nector. . ' , \ ^ / ^ \!~ , . \. \ & s will be' described ^ hereinafter with : refe Pence to' the- ac- 

In a preferred embodiment of the inyehtjqh, the'biis . . % cpmpahyihg drawings Yn ^ichT are 

controiler comprises* an ad'dress ^ decoder providing ge- : t / applied to like' elements and in which; * ; J * . 
ographjc ^ decoding of address signals .tor JespectTye . , / 
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Figure 1 is a schematic cross section of a computer - 
system showing a backplane and a number of ex- 
pansion -cards; '• : " **• nc : ' • 'V ' ' 
Figure 2 is a'schematic-plan view of -the? backplane 
of Figure -1 ; ' : ' *' * ■ : 1 • ; "■ ' • ■ " : s ' 

Figure 3 is a schematic diagram* illustrating some of ■ 
the connections f rom abus controllers an inserta- • 
ble card; ,v ''■ ' ' " : v " ■' /" :1, ' 
Figure' 4 illustrates" in more detail some'of 'the ele- 
ments of Figure 3; * " z - ! - r;; r ; ' l io'- 

Figures is : a'scKematicVepresehtatibh'of'acbnnec-^ 1 :i 
torfor an expansion card; : ~ - ■'" ;-^> : — 
Figure 6 is a^flow diagram illustration hot irisertibn v * - 1 
of '3' card;" ' * - ; " ' •■• T *- ' — ; - J ? -* .■* 

Figure 7 is* a schematic drag ram illustratingaspecis 1 * 'is- 
of geographical address in Ig; .'.c .■; u 

Figure 8 represents dhe possible technique for pro-" 
viding signal in one 'Embodiment of the invention. x : 

Figure 1 is a schematic cross-section of a computer ■ 20 
system 10, which comprises of a* backplane, r br mother 1 - ' 
board, or main board' 20. Although 'reference is made 
hereinafter to a "backplane", it should be understood * L :: 
that the reference' to a backplane 1s ; ihtended to relate 1 
to a board br other car rie? plane on c v^ich : ^t least one - 25" 
bus is provided, and to which atleafet one expansion; or l i :: - ; 
additional card can 'be connected Via a connector, or 

socket: : ■ y; j/^r- 

In Figure i; a bus contrblfeF22Msrepre^ ' r - ri 

matically on the backplane 20. The bus controller 22 is si> : 
connected via a bus24 to a plurality of sockets; or c'6rv v 
nectors; 30!" 32 and 34* EkcK of the f cbhhectb>s'30; : 32^ H r ■ 
and 34 is provided with 'a plurality of cohtacts^bf making^''' ° 
contact with corresponding contacts' bri an ihsertiBlfeK 6 V; " 
card. In Figure T, two cards' 40 and 44 are shown \n's!eft- : ''3S • 
ed in the connectors 30'aihd34, re^pectiveV 'ThVThd^" ^ 
vidual cards '40 and 44 are provided ^ith' electrbnic cir- 1 ; "" 
cuits and or other compdrients46 : which are : connected ^ '-' J 
by printed circuit br other wihh^48 t^cbhhectbrd^ro^'- 
vided at one edge of the card, either directly at the edge' ;ji *o - 
on the card or by means of a separate connector \r\oi 
shown). It will be noted that the connector 32 is'nol pop- ° v " 1 
ulated in Figure X.'A further card; 42 tould Slsb be In- 1 • 
serted in the connector 32 to expand' the : computer sys- 'y % -'" 
tern 1 0 ; F i gu r e" 1 a Iso ill ust rat es th & card %2 ' p rbvided ' 45 
with c ire ti its '46 \ conn ected by p rihtecPc i rc u it wi ring^B't q " : 
an edge bbnnectbr 38'. u ' •>■:■">' r.^.,,-..: . 

I border to avoid having to turn bff the computer k^s- • '" r - 
tern 10 in order to be able to insert the card' 42; it woLrifl 1 - 0 ' r ' 
be desirable to be^abie'tb hb^ ins : ert*the card 42. In ac-' : 5d : 
cordance witKah embbdirhentbf the present invention, 
this would be" possible as will be desc?ibed hereinafter. ' * :,: 

Figure 2 is'a schematic plan view of the Backplane ' 
20 illustrated ih'side*view in Figure X. Figure 2ls a 1 sche- '- " 
matic diagram showing drily tKbWbbmpohehts relevant ss' : 
to the description of the present indention, tn'acidftibn 'to ; ^ l - 
the components shown in FigurdT, aha 1 ' identified by 1ikef ^ ' f 
reference numerals, Figure 2 schematically shows a 
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processor 26 connected to the bus controller 22 and 
schematically shows additional circuitry 28. . 

It will be appreciated that the computer system 10 
can include any normal configuration of a computer sys- 
tem with additional circuitry including timing circuitry, 
control circuitry, data storage devices, etc. Also, as 1 
shown schematically in Figure 1, data entry and output 
device's such as a keyboard 12 and display 14 can form 
part of'thfe cbmputer system" 10, as can a connection to 
a network 16, etc. Some' of the connections to external 
devices such as a display 1 4, or ah external network, 
can be provided by means of the circuitry on one of the 
insertable cards, oralternatively such interfaces can be 
provided from the* backplane circuitry 28 in a manner 
which" will be immediately apparent to one skilled in the 
art. - • ^ > .. • 

The bus 24 shown schematically in Figures 1 and 
2 comprises many different signal lines. Some of the sig- : 
nal lines of "a"bus ih^accordance^ith the present inven- 
tion are shown in Figure 3. Some of the bus signal lines 
for connection to the insertable cards are required per- 
manently. Such signals include, for example, power and 
clock signals and : output signals such : aJ a bus request 
signal which needs to be observed permanently. Other 
signals bnly need to 'be observed when a card carries* 
out a data transaction during an appropriate bus-cycle;' 
for example data bus: signals. Ah embodiment of the- 
preseht invention can take account of this. ; *- 

* In i 'Figure 3? a number of contacts 50, 54, 56, 60 and ' 
64 in a connector 32 are illustrated schematically. These 
are for connection to respective contacts on a^eard- 42.' 
Figured illustrates^ in : more detail selected ones' of the 
contacts shown in Figure 3. % " - "* ' 

c In particular, contact 50 in the connector 40 : on the 
backplan#20 ife connected to a bus line Vcc for supply- 
ing a power supply to the power supply contact 70 of an 
inserted card 42. -However, rather than the contact 50* 
being cbrihected directly to the power supply line Vcc, ~ 
the connector 40 br the backplane 20 is provided with a 
switch gate 52 (which is preferably configured as a field 
effect transistor) which is switched in response to a pow- 
er enable PE signal afsb Supplied over the backplane 
20 from the bus' controller 22. - 

*" 1 A contact 60 receives k bus request signal BR from 
a corresponding cbnfact'8d'bf "an inserted card 42. The 
bus request contact 60 is connected to a bus request" 
line BR to the bus 'controller 22 via a bus request gate 
62 which; ais shbwn in Figure 4, can be made to be re- 
sponsive to the' power 'enable signal PE. Tri this case, ■ 
the bus" request gate '62 can ; be arranged to provide a 
delay aft^r receipt of the powerenable'signal*before : en- 
abling bus requesf signalsto be passed from the contact 
60 to the bus Wquest line BR! The r delay is* set in order 
to give sufficient time for the^circuitry on the card 42 to 
stabilise. ' , v * ■ 

The power -enabfe signal PE is* supplied for switch- 
ing the switch 52 and for enablihg'fhe delay : period to be " 
commenced when it is detected, or the user signals, that 
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the card 42 has been correctly inserted within the con- 
nector 32. * - * - 4 : 

Alternatively, and particularly where a greater de- - 
gree of flexibility is. required, it may be preferable to im- 
plement the bus request gate 62 as a simpfe gate oper- 
ated under software control. ■ .p -v 

A plurality of connectors 56 for data and- address 
lines are provided. Each of the data/address contacts , 
56 is connected to a corresponding dat£/address Ijne, D/ , 
A . on the backplane bus via a respective. transmission , 
gate 54. The transmission gates 58 are- enabled by ; a 
gate enable signal GE, provided from the bus controller 
22. : 

Also shown in Figure 3 is a ground contact 54 con- 
nected to a grounding Hne and a card enable contact 64 ♦ 
connected to a c^rd enable line.CEfrpm-thebus con- . 
troller 22. Corresponding contacts 54 and 84 are pro- 
vided on the card 42. It wilj be. appreciated that additional 
contacts can be provided op the. connector- 32 and ;on> 
" the card 42foradditional signal lines-as required by any 
particular implementation.^ . - - ; . ... \ 

Each of the contacts 7.0, 74, 76 ; 80 and 84 on the 
card 42 are connected to printed circuit or other wiring , 
Vcc, G, D/A, BR, CE on the card 42 for connection to 
the appropriate functional units on that card. ;.. .. , ,_ 

As represented in Figure 3,. the data/address. lines . 
D/A are provided in parallel to each of the connectors 
30, 3? and 34. Also, the power and ground lines Vcc . 
and G are provided in parallel to the connectors 3P, ; 32 . 
* and 34. Separate bus requests, gatejenable, power-en- .. 
able and card enable,lines are provided to each : pf the - 
respective connectors 30,- 32 and 34 v - : t = 

Figure 5 is a schematic.representatipn of a connec v 
tor for use on a backplane, which connecter includes the 
various- gates described with reference to. Figure* 4, A 
switch gate 52 (here a RET) is connected between a Vcc , 
pin and the contact 50. The controlsignal PE is supplied 
via a PE pin. The PE signal is also supplied to a delay 
circuit 62. which is provided between a contact 60 and a- 
pin BR. Also, a plurality of transmission gates 58 are ., 
provided in line between data/address contact 6Q and - 
D/A pins. The control input for each.transmissipn-.gate 
58 is connected to a GE pin. It will be appreciated that 
Figure 5 is merely schematic and onjy.il lust rat es.se tectr , 
ed pins. In practice, many more pins would be provided, , 
and the connector may take on any-.standard or, alterna- 
tive connector configurations. _ , . . 

Although, in- a preferred embodiment, ah least the c ; 
switch 52 and the transmission gates 58 would l?e pro-- , 
vided in. the connector, in alternative em bod imentSf oth- 
er configurations of gates could be provided within the 
connector, subject to there.being at least selected gates 
connected between critical contacts of the connector 
and corresponding pins for connection topjinteo* circuit 
or other wiring on the backplane. , , . - 

Figure 6 is a flow diagram for schematically illustrat- 
ing the selective enabling of the yaripus .contacts jn tjie- 
connector; 32 whenjhe card 42 is inserted. - . . . 
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The process is initiated by the user inserting the 
edge connecjtor t 38 of the card 42 intqtbe corrector 32 
on the backplane 20. A mechanism js^ provided 92 for 
detecting correct insertion of the card. This could be per- 
formed by the user inputting' appropriate data into the 
computer 10 to confirm that the card has been correctly, 
inserted. Alternatively, automatic means could be pro^ 
vided for detecting the cornect insertion of- the card. Op} 
t ion ally, this could be by sensing a particular signal level 
at a contact 66, which on insertion of the card 42 makes 
contact with the further contact 86 on the card.iover a 
line (ag^an acknowledge line ACK) tp,the controller 22. 
As a further alternative, a mechanbal-sensorcpuld be 
provided tp detect the correct insertion of the card con- 
nector 38. in the backplane connector 32. As a.furtheV 
alternative* imped§nce.yalues on an existing Jine could 
be used to detect correct insertion of- the card. . 

Irrespective of, the particular method, used to detect 
correct insertion, of- the card, when this ; is , detected at 
step 92, a power supply signal PE, is supplied at 94 from 
the bus.controller 22 to the.swjtch 54 for enabling power 
50 to be supplied to the card, 42 Thisensures thatpower 
is not Sjup plied until alHhe appropriate connections. have, 
been made.. .. >x c ;. . - . . .-^ 

As JJJujstrate.d. -ir^Figure 4, f Jhe power enabla-EE .sig- 
nal is also suppli^d.to^^e delay^tage 62. tp prevent bus 
request signal. being. jecejved by the. (dus controller. 22 
from the insert .card. 42 .until circuitry on that .card has 
stabilised. This ensures that spurious bus request sig-. 
nals anpVocother.^pikes.are not sent to the bus controller 

22; ^ -ci'c'.; ■ J ? .* ,1 :* ^ j.' s: * * - 

When the bu^ .request signaj line hasjDaen*epableo\ . 
in staph g6rt-he carols then.f ully operational 3nd.tbe.p0w- 
er supp^cjock and c pther permanently requjreq\signals ^ 
are available permanently, to the card 42..AJscv-the,bus 
req u est Una f rpm . tb e..ca rd is pe rman enjly mon itored., , . 

HpweveqHn, preferred embodiment of^the present 
invention, the data/address contacts 56 of th.e connector ( 
32 are ^ly, enabled at ( appropriate .bus cycle, times for 
the card r 4^jn.. question, thus providing dynamic. cycle.. 
sy^tch|ng r! e . . . r , 1=v - .. , - , . : , v . 

In. the preferred embodiment of the invention, two, , 
mechanisms are .^rr^loyed.by tha b ( us .controller. 22 for 
deterrninicig wjieniheiate^address contacts 56 are en-.. . 
abled.fpr r a p^cjjjar.card 42., ^ . . . 

... TheXirst. mechanism is to enable the. data/address *. 
contacts^56 - by supplyipg.a^te enable. signal tpt'he ap- ( . 
propriate transmissions gates 58 when the card 42 in . 
question w^en^toecpntroUer granls the bus to the card , 
in response to c the card asserting" the bus. request Jine . 
fpjLjhatjcard/i^ 

line on Jhe backpj^e. 2C) for each card connector 30, 32, *. 
34 etc.. ^ccorjdingly,.rhe. bus controller 22 knpws/imme- 
diately which card.has asserted respectiye bus\request _ 
lines, enabiesjheappropriate transmission. gates 58 hy 
supplying an appropriate gate enable sjgnal to the card 
in question at theiarrje ti/jieas. granting. bus access dur"; 
ing the appropriate 0 bys f cycle... - - 4 ' .\. " ( " " 
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An alternative mechahisrrtas represented in Figure 
7 is employed when the card in question is operating irv 
the slave mode under the' control of the cbhtroller 22. In 1 ' 
order that the controller can predict which card is ad- 
dressed in such a mode, the card cont roller 22 employs s 
geographic addressing to address the individual cards. 
This achieved by employing programmable-addressing 1 
(for example as provided in accordance With the PCI 
standard). Thus software effectively allocates a block of 
address space to a card (e g! card i) as represented * to 
schematically in Figure 7, fo'rexahple/by'a 256Kbl6blc ' 
having a base address BASE. Accbrdirigly; as schemaf- : 
icaily represented in'Figurb 7, the bus cbntrbiler r 22 is' 
provided' with ah address* decoder 1 00 which is fespon- ' 
sive to an address on address lihes 1 02 to generate the 5 is 
gate enable signals GE0-GE3 for (in this case) up to four 
separate cards (it will be remembered that onlylhree 1 " 
card connectors are shown 'arid the refdre Only three 
card enable signals are needed,' by way of example, \rf - : 
Figure 1 ). The bus controller 22 can thereby determine' 20 
in advance the source of a response (acknowledgement 
ACK) to any cycle before thfe bus' cycle commences, 
thereby enabling ready identification bra faulty "ca'rcr! ' ' 
The power enable si^nal^ sig- ( - 

nals are preferably' provided under sbffwkre'cdhtroi: *': ;| 25 

Although a particular configuration of lines is shown t; 
in Figure 3, it will be appreciated that this is merely one 
example of a possible line cd^ ' 
plane, bus and the connectors; 32/38! Alternative" 'de- J ; 
tailed configuration of bus Tines can be'^ 
it is possible for example, Xo provide the gate enable sig- " 
nals without the provision of separate' gate enable \ine£ ij 
on the backplane bus. For example,'* Figure 6 illustrates 3 
the use^of a "radial address linb, 'RAD,; which would b^ J 
provided separately for each of the'indivi&ua^'bbnhe^ l 35 
tors 32 and a common strobe to determine the timing df v 
the opening of the transmission gates 58. Firstly, al- 
though the strobe signal is supplied in common to all the " J ' 
cards, this could be used in cbmbfnation with the selic- ;! 
five ly addressed ' RAD signal to enslure that "th e^trans-^ : ' 40 
mission gates fb'r'a particularcard are enabled i during* " 
the appropriate cycle for that card! ' fe " : ' " J ' : " ' *° 

There has been described a bus configuration 
which can enable hot insertion;* fault i^olatiohf^nd bus' 
expansion for a's|andard backpjarie bus by the provisiori 4S 
of transmission gates' " . ^ . ' '' " 

An embodiment^ bf the ( invention can isolate each' 
connector of a bus (for exampje PCI bus)* by the placmg * ; 
of transmission gates (for exarhpVWnfigured as field '" 
effect transistors) on the backplane between PCI bus so^ ^ 
connectors. The transmission' gates can be prov'idecl as ' ' ' 
an integral component in a connector for the' ihsertiori ( ; 
of a backpjane.card'or coujd be provided oriifte back- ' 
plane bus itself/*" ' / - 4 ' ' ' * -'• -■- •'.cv 

An em bod irri ent of Jh e * invent ion can eriab I e * rapid ' " ss 
and reliable fault detection 'thr'dugfvthe use of geogra^h- 1 
ical decoding of the bus addresses whereby the bus 
controller will know immediately which connector (slot) 



has a bus connected to it in which a fault has occurred 
as the bus controller will know in advance which card 
will respond to any cycle before that cycle issues/ *. 

By enabling the transmission gates for only the tar- : 
geted connector in any bus cycle, the dverall effective ~ 
transmission line over the backplane bus is reduced to 
the line length oh the backplane plus the transmission' 
line lengthTbri the selected' card. This provides signifi- * 
cant transmission line, advantages enabling' reduced 
electromagnetic interference, and reliable higher fre- 
quency operation. 

Also, fault isolation becomes m'uch easier as a fault, 
for example a short oh a bus line bit! will only manifest 
itself when the transmission gates for the faulty card are 
enabled: It will be appreciated* that fault isolation is 
therefore facilitated. 1 ? - ' 

The additional backplane frafnsistor isolation provid- 
ed for power supply lines, clocks, etc are a preferred 
embodiment of the invention; which' are enabled when % 
the card is turned on and are kept enabled until it is 
turned off. Iri a p referred embodiment of the invention 
as described' herein, a number of advantages are pro- 
vided. 

A)"A card is Wot insertable as a result of keeping all 
of the gates turned off while inserting or removing 
the card. - 1 5 * - * ; ^ - " - 

.. . B) No leading pin connector is Vequired'on a card " 
to enable hot insertion as any signal can touch first 
with ithe gates turned off. r "*■"■'" 
Creatures A and B'togethef rnean that a standard' * 
cold insertabie^PCI card can be used in a hot main- 
_ taine'd system. 1 ! , 

D) Transmission lines are much shorter as only one 
PCI slot is enabled at any one time - eVcn individual 
PCI slot can have quite long bus traces which are * 
isolated by the gates and do not effect the overall 
system, enabling PCI bus physical lengths which 
cafhise from the usual 0.7 meters limit to about 2 
meters," making additional physical system config- 
uration/ * * " *° ' 

E) Wherb the bus talks to only one slot at a time, 
. . faults in that slot cannot effect other slots. Thus a 

PCI card, jn an embodiment of the invention can 
short a'N'othef PCI bus lines to ground and yet the * 
other slots will "still work perfectly This enables good 
fault isolation of a single replaceable module. 

Although particular embodiments of the inventions 
have been described, it will be appreciated that the in- 
vention is not limited thereto, and man^ modifications 
and/or additions rriay be made within' the scope of the * 
invention. '* c ' *' ' " ' * : "** ' : '"' 



Claims 1 

1. A backplane for a computer system, the backplane 
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3. 



having at least one multi -contact connector for ex- 
pansion cards, at least one bus line for connection . 
to a predetermined contact of said connector(s), a „ f . 
gate connecting said bus line to a. said predeter- ^ 
mined contact, and a gate, signal line for supplying . : s 
a gate signal to said gate. " t , . . . 

A backplane according to Claim 1 , wherein at least % ( 
a respective gate signal line is provided for each.of .. 
a plurality otconhectors to enable dynamic cycle 
switching., . . : . 



A backplane according ao .Claim 1 or Claim ,2, 
wherein said bus comprises at least ,a plurality of . 
data lines for cpnnection,to respective data contacts 
of a said connector, a respective, transmission gate t 
being provided between each said data line andthe. 
respective. contact of said connector,, . . 



10. 



11. 



15 . 



12. 



A backplane according to Claim 3,. wherein; a re : 
spective ,gate signal line is 4 provided for. each pta 
plurality of connectors, said gate signal being sup- . , 
plied in parallel, to each transmission giate of,a sa.fd. . 1 
connector. 
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{.CIV 
25 



A backplane according to Claim 3,, wherein a plu- 
rality of gate signal" lines are provided for each con- 
nector, whereby transmission gates of different con- , 
tacts of a connector may be gated independently,. 

A backplane according to any ( one of Claims 3 to 5, „ 
comprising at least one power line fpr connection to ~ 
a power contact of said pop nectpr(s),-a^sw : itcK gate , ' 
connected between said power line ancjthe power 
contact of a said connector and a power signal lipe 
for supplying a power, control signal to control f ,said ^ : 
switch gate. , , * . ;* " 

A backplane according to any one of .Claims 3 Jo 6,' . 
comprising at least one bus request line connected' [ 
to a bus request contact of a said connector and a „' 
bus request gate for selectively passing said, bqs 
request signal from said bujs request, conn ectpr to : 
said bus request line. ' 

A backplane according fp. Claim. 6 or. fcjai'm .77, 
wherein said bus request gateis^bperable in use' tp . 
pass a bus request signal only aftej. a ' preo'eteV- c 
mined delay following power 'being supplied to a 
card connected to said connector . „, „ ^ % 

A .backplan e accordin g to any pr eced i n g . C lai hni, f . 
wherein said, gate signal, line is a strobe )ine\cprn- t 
mon to each connector, said strobe line being ac- 
tive, in use, as said gate line when a radial address 
signal on a radial address signal line for said con- 
nector is active. 
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A multi-contact connector for the connection of an 
expansion card to a. computer backplane, said con- 
necjor. comprising a gate e|eptricajiy : connected in : .. 
line between a .connector, pin for, connection tea line . 
on a said, backplane, and a contact for, connection 
to a corresponding contact jon an inserted expan- 
sion card, a gate signal inputpf said gate being elec-, ,. 
tricajly connected .to a connector pipJor connection 
to a gate.signal line^ . - . 

A cpnnector according to Ciaim v 10, comprising a ^ 
plurality "of ^.transmission gates, - each- .electrically! 
connected Jn-line, between a-respective connector . 
pin t for-cpnn.ectipnip t a line on a said backplane and. % 
a respective contact for connection to ^.correspond- . 
ing, contact on an inserted expansion carol. . , ,\ 

A cpnp,ector according to£laifn 11 , wherein respec- 
tive gate signal inputs for. each of said transmission . 
gates are electrically connected Xqa common con- ^ 
nector pin if or .connection tola gate' signal line. . 

A conneptor.according to Claim i 1 , .wherein respec- . 
tive.^te^sigQalJnpu^fQ^ each pf said transmission 
gates are. '4ipRYj93l^99Pn^cJe<i to separate! con - . / 
nector pinsjbf cpnpectjpplo "respective gate sjgrial. 

A connector according to any one of Claims 10 to 
1 3, ^Hc|rt ipna jly cb'mp r isfn gas witch ejectr icalfy cph; 
. nected in-line between a cohnector pin for cohnec- 
tion, Xo a ( power Jin e r pn a said backplane,and v a con- 
tacf i or ppn n ectjph to a correspond jn g .fjo wer con-" 
tacCon anjnsert^ a contrbl input 

of said switch t gate ( being electrically connected to ' 
a cpnrectbr pin for connection* to a power signal t 
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15. A comp ute r system com. p ris in g a backp lane accord- 
ing to.any bnepf Claims '1 to 9 fan d a bus controller 

. conhlectecitbsaid buslihe for clata trajismi'ssion and 
connected to said gate signal line for supplying a 
gate signal for said gate v . % M . _ _ : ^ . . 

1 6. A system accprding to. C &in\1'5 , "wherein a respec*; 

. tive gate I signal line is'prpvided for'each of a jDlurality * 
** of connectors, said "bus controller selectively sup- ( 
plying a gate signal for enabling said'trahsmission * . 
gates.bf one said con nector for a given bus cycle to. 
provide dynamic cycle swrTching^ ' 

r 17. f A system. according to Claim "iSpr'Claim 16/.wriere- 
in said b"us' comprises at least a ply rality of data lines 
for cphnecjion to respective' data contacts of a said \ 
connector, a respective transmission gate" being ' 
_ provided between each said data line and the cbr- 
responding contact of said connector. 
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18. 



A system according to Claim 17, wherein a respec- 26. 
tive gate signal line is provided for each of a plurality 
of connectors, said bus controller selectively sup- 
plying a gate signal in parallel to each transmission 
gate of only one connector for a^given bus cycle for 5 
enabling said transmissions gates of said connector 
for said given bus cycle."* ; 



27. 



19. 



20. 



A system according to Claim 17, wherein a plurality \. 
of respective* gate signal lines is provided for each io 
of a plurality bf connectors, said bus controller se- 
lectively supplying gate signal at * appropriate tim- 
ings to each transmission gate of oniy one connec- 
tor for a given bus cycle fori enabling said transmis- 
sions gates of said connector for said given bus cy- is 
cle. - - - ■•* ■» ; 

A system according to any one of Claims 16 to 19, 
comprising at least one poweTline for connection 'to'* 
a power contact of said connector(s), a switch gate ?o 
connected between said power line and the power 
contact of a said connector, a power signal line for V 
supplying a power control signal to control said * 
switch gate of said connector, wherein said bus con- 
troller selectively applies a power control signal on 25 
said power control signal line when a card has been 
inserted in said connector. 



28. 



A method of operating a PCI bus, comprising the 
configuring a PCI decoder of a bus address meclv 
anism to provide geographic addressing of cards 
connected to said bus,* whe reby a bus controller can 
determine in advance a source of ^response to any 
bus cycle before said bus cycle commences. 

A method of connecting an expansion card to a 
backplane of a computer system, said method com- 
- prising steps of: 

: inserting an expansion card into a multi-contact 
I'" connector for said expansion card; 

subsequently enabling a* gate provided be- 
tween a bus line and a connector 
contact by supplying a gate signal on a gate sig- 
-"--"nal- line-to said gate. i 

t • 

A method acc6r*a1fi'g to'CIaim 27 wherein said card' 
is hotrinserted into sdid multi-contact connector. 



21 . A system according to any one of Claims 1 6 to 20, 
comprising at least one bus request line connected 30 
to a bus request contact of a said connector and 
bus request gate for selectively passing said bus 
request signal from said bus request contact. 

22. A system according to Claim 2^rwhereinrsraid*bus>"*-^5- 

request gate is operable in use tq-pass a«bus-re*. 

quest signal only after a predetermined delay fol- 
lowing power being supplied to a c$rd connected to 
said connector. 



23. A system according to any onejof Claims 15Jo 22, 
wherein said gate signal lir)e, is a strobe line qom- 
mon to each connector, said strobe line"6^injg'ac"-" 
tive, in use, as said gate line whenja Radial address ; 
signal on a radial address signal line for' said conv 

nector is active. ' i \ * * i " ' i 

- * i " : 

« f . . : ! ; i.^. ... 

24. A system according to any one of Claims 1.5'to 23, 
wherein said bus controller comprises : an. address^ 
decoder providing geographic decoding of address 
signals for respective cards, whereby said bus con- 
troller can determine in advance the source of a re-., 
sponse to any bus cycle before said bus cycle com-- 
mences. 

25. A system according to Claim 24 comprising a PCI 
bus having geographic addressing of address sig- 
nals. 
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S>91, A method according to Claim 27 or Claim 28, where- 
' ,% fn said bus controller selectively supplies a gate sig- 
nal for enabling said transmission gates of only one 
- said connector for a given bus cycle, thereby pro- 
viding dynamic cycle switching. 

30. A method according to Claim 29, comprising a fur- 
ther step between said insertion step and said en- 
abling step of: 

supplying a power supply signal to a switch 
gate connected between a power line and a power 
contact of said connector when said card has been 
inserted in said connector, whereby power is sup- 
. • - piied to said card only after insertion. 

31. A met hocf according to Claim 30, comprising a fur-, 
ther step after said step of supplying a power signal 
of; .... . ...J 

' enabling a bus request signal to be passed 
from a bus request contact of said connector only 
~ after a predetermined delay following the supply of 
V 'po'we'r To said card. - 

3Z. A'method according. to. any one of Claims 27 to 31 , 
wheteirT said" insertion step is formed when said 
computer system is live. 

33. ^Ajnethod according to any one of Claims 27 to 32, 
comprising a step of applying geographic address- 
ing by a bus controller to cards connected to said 
, .computer system, whereby said bus controller can 
r» ; idetermine in advance the source of a response to 
any bus cycle before said bus cycle commences. 
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(54) Computer bus expansion; . ^ r ^ 

" (57) An arrangement is provided whereby an expari-^ 
sion card can be inserted In a multiKidritacfl^rfT^'u^r"*" 
backplane oonnector and then gates provided between 
bus lines and respective connector contacts can be en- 
abled. Hot insertability of the card and 'improved fault 
protection results. A plurality of gate signals for respec- 
tive connectors can be provided so-that a bus controller - 
can selectively supply a gate signal for enabling trans- 
mission gates of only one connector for a given bus cy- 



~ J "' thereby providing jfynamic cycle switching of the 

c'&TOSr TfiB J transmission Vat©s 'carT be provided in a 

backplane connector for a card. Preferably, a- power 
supply signals supplied 4&a switch gate connected be- 
tween a powdr fine and a power contact of the connector 
when a card jias been inserted in a connector such that 
^.. ^powews-efllyj supplied to the card only after insertion. A 
bus request signal can be enabled after a predeter- 
mined delay following the supply of power to the card. 
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